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PRECISION AND RESOLUTION OF mation obtained with non - spectral imaging is less noisy at a 
QUANTITATIVE IMAGING BY COMBINING given dose , the inherent need for assumptions and / or a - priori 

SPECTRAL AND NON - SPECTRAL information often leads to lower overall precision of the 
MATERIAL DECOMPOSITION measurement compared to spectral imaging . 

US2007 / 147574A1 describes that a method for acquiring 
CROSS REFERENCE TO RELATED an image data set comprising energy integrating ( EI ) and 

APPLICATIONS energy discriminating ( ED ) data measurements is provided . 
The method comprises obtaining El measurement data and 

This application is the U.S. National Phase application ED measurement data during an acquisition cycle . The 
under 35 U.S.C. § 371 of International Application No. 10 method then comprises combining the EI measurement data 
PCT / EP2017 / 063079 filed May 31 , 2017 , published as WO and the ED measurement data before , during or after recon 2017/211625 on Dec. 14 , 2017 , which claims the benefit of struction . Finally the method comprises performing recon European Patent Application Number 16173360.5 filed Jun . struction on the original or combined datasets to obtain one 7 , 2016. These applications are hereby incorporated by or more of an El image and one or more ED component reference herein . images . 

FIELD OF THE INVENTION WO2015 / 011587A1 describes that an imaging system 
includes a detector array that detects radiation traversing an 

The present invention relates to a calculation unit for examination region . The detector array includes at least a set 
processing quantitative image data , an X - ray imaging sys- 20 of non - spectral detectors that detects a first sub - portion of 
tem , a method for quantitative image data processing , as the radiation traversing the examination region and gener 
well as to a computer program element and a computer ates first signals indicative thereof . The detector array fur 
readable medium . ther includes at least set of spectral detectors that detects 

a second sub - portion of the radiation traversing the exami 
BACKGROUND OF THE INVENTION 25 nation region and generates second signals indicative 

thereof . The imaging system further includes a reconstructor 
In clinical X - ray imaging , for instance in mammography , that processes the first and second signals , generating volu 

quantitative imaging is used to measure the amounts of metric image data . 
different types of material , such as tissue , which may be used US2015 / 348258A1 describes that an apparatus is pro 
as input for improved risk assessment , detection , diagnosis , 30 vided to reconstruct an image using combined third - genera 
and treatment . For example , measurements of the volumetric tion energy - integrating computed tomography projection 
breast density using quantitative imaging allows assessing data and fourth - generation spectrally resolved computed 
the risk of developing breast cancer , assessing the efficiency tomography projection data . The apparatus includes pro 
of mammography , deriving improved radiation dose esti cessing circuitry configured to obtain first projection data 
mates , and monitoring the effect of drug treatment over time 35 representing projection data from an energy - integrating 
in order to adapt the drug dosage . Another application of detector ; obtain second projection data representing projec 
quantitative imaging in mammography is to differentiate tion data from a photon - counting spectrally discriminating 
between different lesion types , for instance , cystic and solid detector ; and reconstruct a first combined - system basis 
lesions , in order to provide a better diagnosis . image and a second combined - system basis image by solv 

Several methods for quantitative imaging are available , 40 ing a combined - system matrix equation using the first pro 
including spectral and non - spectral imaging methods . Spec jection data and the second projection data . 
tral imaging refers to imaging an object at multiple photon 
energy spectra , for example at least two different energy SUMMARY OF THE INVENTION 
spectra . In WO 2013/076662 , a method is described for 
spectral image processing in X - ray imaging . At a given dose , 45 Thus , there may be a need for providing enhanced quan 
spectral imaging is generally associated with higher noise titative image data on a local level , that is position - resolved 
compared to non - spectral imaging because 1 ) the available quantitative information in an image . 
dose is split over several spectra , and 2 ) the spectral pro The object of the present invention is solved by the 
cessing often involves taking a difference between the subject - matter of the independent claims , wherein further 
different spectra , which is an operation that increases noise . 50 embodiments are incorporated in the dependent claims and 
The increased noise generally leads to a lower limit on the the following description . 
structure size , which can be detected and quantified . In It should be noted that the following described aspects of 
contrast to spectral imaging , non - spectral quantitative imag the invention apply for the calculation unit , the X - ray 
ing methods often rely on a - priori information and addi imaging system , the method as well as the computer pro 
tional assumptions , or full non - spectral 3D image data such 55 gram element and the computer - readable medium . as acquired by computed tomography . According to a first aspect of the present invention , a 

Quantitative imaging is often applied on a global level , calculation unit for processing of quantitative image data is 
reporting for instance a single value for an image or the provided . The calculation unit comprises a receiving unit 
entire breast . However , local quantitative information , for and a processing unit . The receiving unit is configured for 
instance a map of material properties over a breast , can be 60 receiving spectral image data of an object of interest . The 
valuable , for example to find regions of increased risk , for receiving unit is further configured for receiving non - spec 
better differentiation in treatment monitoring , to classify or tral image data of the object of interest . The processing unit 
quantify local material properties , such as prevalence of is configured for calculating material properties as a function 
certain materials , including tumor tissue , cyst fluid , and of position from the spectral image data . Similarly , the 
contrast medium . Local quantitative information obtained 65 processing unit is configured to calculate material properties 
with spectral imaging may , however , be too noisy to be as a function of position from the non - spectral image data . 
useful at reasonable dose levels . While quantitative infor Furthermore , the processing unit is configured for combin 
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ing the material properties calculated from the spectral and spectrum and the X - ray detector arrangement can be con 
from the non - spectral image data . figured to detect the radiation after it has passed through an 

According to the first aspect of the present invention , the object of interest . The X - ray source can then be configured 
combination of material properties as a function of position to subsequently provide radiation with a second fixed energy 
is carried out by the processing unit by combining the 5 spectrum , differing from the first fixed energy spectrum , and 
material properties as a function of spatial frequency by the X - ray detector arrangement can be configured to detect 
weighting the spectral and the non - spectral image data signals corresponding to the second fixed energy spectrum , 
depending on the spatial frequencies in the image . after the radiation has passed through the object of interest . 

According to one embodiment , by combining the material Non - spectral image data can subsequently be derived , for 
properties calculated from spectral and from non - spectral 10 instance , from the spectral image data in terms of a sum or 
image data , the processing unit is configured to give stronger integral over the spectral image data related to the at least 
weights to the low - spatial - frequency parts of the spectral two different X - ray energy spectra provided by the X - ray 
image data as compared to the low - spatial - frequency parts source . Non - spectral image data may also be provided 
of the non - spectral image data . Accordingly , the processing separately . For instance , in order to provide non - spectral 
unit may further be configured to give stronger weights to 15 image data , the X - ray source can be configured to provide an 
the high - spatial - frequency parts of the non - spectral image additional spectrum of X rays and the X - ray detector 
data as compared to the high - spatial - frequency parts of the arrangement can be configured to detect the radiation after 
spectral image data . it has passed through the object of interest . 

It is an idea of the invention to combine the information According to an embodiment , the X - ray imaging system 
from different quantitative imaging methods , in particular 20 is configured to acquire phase contrast , differential phase 
from spectral and non - spectral imaging , in order to over contrast , or dark field images . In this case , the spectral 
come the limitations of the different methods thereby obtain and / or the non - spectral image data are phase contrast data , 
ing enhanced resolution and precision and eventually differential phase contrast data , or dark field data . 
improved information . In particular , high - spatial - frequency According to one embodiment , the spectral and / or the 
information obtained from , for instance tomosynthesis and / 25 non - spectral image data contain information on the phase of 
or non - spectral two - dimensional ( 2D ) methods can be com the X rays that have passed through the object of interest 
bined with the low - spatial - frequency information obtained instead of , or in addition to , information on the absorption of 
from spectral imaging in order to create high - precision and the X rays . Such information is referred to as phase contrast 
low - noise data , which can be used for local quantitative and can in some configurations be acquired as the differen 
imaging , for instance to create a map of material properties . 30 tial of the phase with respect to position in the image , in 
In this way enhanced quantitative image data can be pro which case it is referred to as differential phase contrast . 
vided on a local level , that is position - resolved quantitative According to one embodiment , the spectral and / or the 
information in an image . non - spectral image data contain information on the small 

Spectral image data are acquired by imaging the object of angle X - ray scattering properties of the object instead of , or 
interest at least at two different X - ray energy spectra , and 35 in addition to , information on the absorption of the X rays . 
utilizing the fact that the attenuation of different materials is Such information can be used to form so - called dark - field 
composed of different combinations of interaction mecha images . 
nisms with corresponding differing energy dependencies . As The acquisition of spectral and non - spectral image data 
an example , the attenuation of soft tissue , such as breast may be done simultaneously , for instance with an energy 
tissue , is mainly composed of photoelectric absorption and 40 resolved photoncounting detector . In the latter case , spectral 
Compton scattering , which in turn depend on the atomic image data may refer to counts of photons at specific energy 
number and the electron density of the tissue . By extracting intervals , whereas the non - spectral image data may refer to 
the respective contributions to the total attenuation from the integrated , hence summed / overall , photon - count data . 
these two components using their respective energy depen The acquisition of the spectral and non - spectral data can , 
dencies , the imaged tissue can be decomposed into two 45 however , also be done separately , for instance by two 
constituents such as adipose and fibro - glandular breast tis different X - ray imaging systems or two different X - ray 
sue . For example , spectral image data can be obtained from imaging methods . 
at least two X - ray images of the object of interest acquired It should be noted that the present invention in particular 
by exposing the object to at least two different X - ray spectra refers to improvement of image data acquired as two 
thereby obtaining , for example , a high - energy and a low- 50 dimensional ( 2D ) data and / or tomosynthesis data . Computed 
energy spectral image . tomography ( CT ) imaging with full three - dimensional ( 3D ) 

According to a second aspect of the invention , an X - ray information is however not a scope of the present invention . 
imaging system for providing enhanced quantitative image According to a third aspect of the present invention , a 
information is provided . The system comprises a calculation method for quantitative image data processing is provided . 
unit for processing quantitative image data according to the 55 The method comprises the steps of acquiring spectral image 
above described aspect and the above described embodi data of an object of interest and a subsequent calculation of 
ments . Further , the system comprises an imaging unit , which material properties as a function of position from the spec 
is configured for providing spectral and non - spectral image tral image data . Further , non - spectral image data of the 
data to the calculation unit . The X - ray imaging apparatus object of interest are acquired and material properties are 
may further comprise an X - ray source , an X - ray detector 60 calculated as a function of position from the non - spectral 
arrangement comprising the aforementioned imaging unit . data . Eventually , the material properties calculated from the 
The X - ray source is configured to provide X radiation spectral and from the non - spectral data are combined as a 
towards the X - ray detector arrangement . The X - ray detector function of spatial frequency . 
arrangement is configured to detect radiation with at least It is understood that the steps of the method can also be 
two different X - ray energy spectra in order to provide 65 performed in a different order . The non - spectral image data 
spectral image data . For instance , the X - ray source can be can be acquired before the spectral image data , or the 
configured to provide radiation with a first fixed energy spectral and the non - spectral image data can be acquired 
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simultaneously . Further , the processing , i.e. the calculation non - spectral image data as a function of spatial frequency is 
of material properties as a function of position , of the at least partly carried out in the spatial domain . This may 
spectral and the non - spectral image data can be done in a comprise the step of a convolution with a filter kernel and / or 
different order . For instance , the non - spectral image data can by means of low - pass , band - pass or high - pass filtering . 
be processed before processing of the spectral image data , or 5 According to the third aspect of the invention , the step of 
processing of the spectral and the non - spectral image data combining the material properties calculated from the spec 
can be one in parallel / simultaneously . tral and from the non - spectral image data comprises the step 

According to an embodiment , the material properties of weighting of the respective data depending on the spatial 
calculated from the spectral and the non - spectral image data frequencies of the image . In this step , a weighting function 
are provided as a visual representation . A visual represen- 10 can be used , which gives stronger weight to the low - spatial 
tation can , for instance , be given by a map of the object of frequency parts of the spectral image data as compared to the 
interest showing the overall structure of the object of interest low - spatial - frequency parts of the non - spectral image data . 
and depicting different ( sub- ) structures and / or materials in Additionally , the weighting function can give a stronger 
terms of different colors . weight to the high - spatial - frequency parts of the non - spec 

According to an embodiment , the spectral image data 15 tral image data as compared to the high - spatial - frequency 
and / or the non - spectral image data are tomosynthesis data . parts of the spectral image data . 
Tomosynthesis is a technique that provides 3D information The weighting function may be a linear weighting func 
by imaging an object from a limited range of angles , as tion . 
opposed to CT , which provides full 3D information by In the step of calculation of material properties from the 
imaging the object from an angular range of at least 180 20 spectral and from the non - spectral data , properties identify 
degrees . A tomosynthesis acquisition is often visualized as a ing or characterizing a lesion , such as a cyst , a tumor or a 
stack of slices , which can be scrolled through . A conse microcalcification can be identified and / or quantified . 
quence of the limited angular range in tomosynthesis is that Instead or in addition , properties identifying glandular and 
the depth resolution becomes relatively poor as opposed to adipose breast tissue or skin may be identified and / or 
the in - plane resolution of the slices . 25 quantified , or a total volume or concentration of a contrast According to an embodiment , the non - spectral image data agent used in the object of interest when the image data are 
are acquired as a part of the acquisition of the spectral image acquired may be identified and / or quantified . 
data . In other words , the non - spectral image data are According to a fourth aspect of the invention , a computer acquired during the acquisition of the spectral image data . program element is disclosed , which is adapted to carry out That is , the non - spectral image data may be acquired as data 30 the above and in the following described method steps . 
derived from the spectral image data . This can be done using According to a fifth aspect of the invention , a computer 
a photon - counting detector , with the non - spectral image data readable medium is disclosed , which comprises a program 
referring to the total counts of photons . wever , image data element according to the aforementioned aspect of the 
acquisition is not limited to the use of photon - counting invention . 
detectors . Other types of detectors can be used in order to 35 It may be seen as a gist of the invention to combine 
acquire non - spectral data as part of spectral - data acquisition information from spectral image data and from non - spectral 
as well . Examples for other detectors are sandwich detec image data , thus providing enhanced precision and resolu 
tors , and examples for other imaging configurations are tion in local imaging , in particular in clinical applications , 
multiple exposures while switching kVp ( peak kilo voltage , such as mammography . 
referring to the acceleration voltage of the X - ray tube ) 40 These and other aspects of the invention will become 
and / or X - ray filtration combined with a photon counting or apparent from and will be elucidated with reference to 
an integrating detector . embodiments described hereinafter . 

According to an embodiment , the step of acquisition of 
the non - spectral image data comprises the use of additional BRIEF DESCRIPTION OF THE DRAWINGS 
a priori assumptions and / or additional data input . For 45 
example , shape models for the object of interest , a thickness Exemplary embodiments of the invention will be 
measurement or known material properties in certain loca described in the following with reference to the following 
tions of the image can be used in this context . For example , drawings . 
in case of breast - density measurements , where breast den FIG . 1 shows an X - ray imaging system with a calculation 
sity refers to the fractional amount of fibro - glandular tissue 50 unit according to an embodiment of the invention ; 
in the breast , the height of the compression paddle , possibly FIG . 2 shows a calculation unit according to an exemplary 
in combination with a breast shape model , can be used to embodiment of the present invention ; 
normalize a non - spectral image thereby making it quantita FIG . 3 shows basic steps of an exemplary method for 
tive . Another option for providing a - priori information to enhanced quantitative image data processing according to an 
non - spectral image data is to search for an area in the image , 55 embodiment of the present invention ; 
which contains only one type of material , for instance fatty FIG . 4 shows a further example of a method according to 
breast tissue , and to use the pixel value in that area to an embodiment of the invention ; 
normalize the image . It is also possible to use histogram FIGS . 5A and 5B show the comparison of volumetric 
information in the image to correlate pixel value to a certain breast - density maps obtained without and with a method 
physical aspect of the object that is being imaged . 60 according to an embodiment of the invention . 

According to an embodiment , the step of combining the 
material properties calculated from the spectral and the DETAILED DESCRIPTION OF EMBODIMENTS 
non - spectral image data as a function of spatial frequency is 
at least partly carried out in the spatial - frequency domain , FIG . 1 shows an X - ray imaging system 1 , which is given 
for instance defined by the Fourier transform of the image . 65 by a mammography system using , for instance , a photon 

According to another embodiment , the step of combining counter . The X - ray imaging system 1 comprises an X - ray 
the material properties calculated from the spectral and the source 10 mounted on a vertical support structure 12 . 
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Further , an X - ray detector arrangement 20 is mounted on the in an X - ray detector arrangement as exemplarily shown in 
vertical support structure 12 comprising a first support FIG . 1. The order in which the spectral image data and the 
surface 22 , on which a patient can , for instance , arrange a non - spectral image data are received by the receiving unit 31 
breast onto . An adjustable compression plate , or compres in FIG . 2 is arbitrary . Receiving may be successively or 
sion paddle , 24 is arranged above the first support surface 5 simultaneously . The receiving unit 31 can then supply the 
22 , allowing a breast to be arranged between the compres spectral and the non - spectral image data to the processing 
sion plate 24 and the first support surface 22. The compres unit 33. It should be noted that the receiving unit 31 can also 
sion plate is adjustable in height , as indicated by the double receive spectral and / or non - spectral image data , which have 
arrow 14 , in order to adapt the distance between the first been acquired previously and are stored on a storage 
support surface and the breast touching surface of the 10 medium , which might be connected to the calculation unit 
compression plate . The X - ray detector arrangement may for providing the respective image data to the receiving unit 
comprise an imaging unit , which is configured to provide 31. The processing unit 33 calculates material properties as 
spectral image data as well as non - spectral image data to a a function of position from the spectral image data and from 
calculation unit of the X - ray imaging system , which is the non - spectral image data . This can be done simultane 
described hereinafter . Furthermore , the X - ray detector 15 ously or subsequently . The order in which calculation is 
arrangement is adjustable in height , as indicated by the performed by the processing unit is arbitrary . The processing 
double arrow 16 , so as to suitably adjust to the height of a unit 33 is further configured for combining the calculated 
patient . material properties from the spectral and the non - spectral 

The X - ray imaging system 1 further comprises data and image data as a function of spatial frequency . The combined 
supply connections 30. By means of these connections , raw 20 result can then be provided to a display unit 34. Optionally , 
image data acquired with the X - ray detector arrangement , in the latter display unit 34 can be configured for displaying the 
particular the imaging unit , can be provided to a calculation combined result on the material properties as a function of 
unit C , exemplarily comprised in a housing structure 32 in spatial frequency . 
FIG . 1. It is noted that data and supply connections can be In the following , basic steps of an exemplary method for 
wired and / or wireless connections , as for example WLAN or 25 processing quantitative image data are described with 
Bluetooth connections . Further , image data can be stored on respect to FIG . 3. It should be noted that the X - ray detector 
a computer readable medium such as a CD , DVD , portable arrangement together with the calculation unit C shown in 
flash drives or portable hard - disk drives , and can be pro FIG . 1 can be arranged for performing the method steps 
vided to the calculation unit C by means of a suitable data described in the following . The method comprises the fol 
provision unit , such as for instance a CD or DVD drive or 30 lowing basic steps . In a first step 110 , spectral image data of 
a USB port connected to the calculation unit C. an object of interest are acquired . Thereby , the object of 

The calculation unit C can be connected to a display unit interest can be the breast or part of the breast of a patient . 
D comprised in display housing structure which is The spectral image data can be acquired by an X - ray 
adjusted for visual representation of quantitative image data detector arrangement comprising , for instance a photon 
that have been processed by the calculation unit C. For 35 counting detector . The spectral image data can be acquired 
instance , quantitative image data visualized by the display by multiple exposures of the object of interest at different 
unit D can be maps of volumetric breast density , also X - ray energy spectra , obtained , for instance , by using mul 
referred to as glandularity maps , or maps of any other tiple acceleration voltages in the X - ray tube and / or multiple 
combination of materials , calculated from spectral and non filtrations . Alternatively , the spectral image data can be 
spectral image data , which have been acquired by the X - ray 40 acquired by a single exposure using one X - ray spectrum and 
detector arrangement and which have been processed by the an energy - sensitive detector , which divides the detected 
calculation unit C. photons into several bins according to their respective 

It is noted that the present invention is also related to other energy . It is also conceivable to combine these two 
types of mammography X - ray imaging systems , for instance approaches . i.e. using two different spectra and an energy 
systems in which the patient is lying on a support structure 45 sensitive detector to further enhance the spectral informa 
with the face looking downwards , such as biopsy systems . tion . In a subsequent method step 112 , material properties as 
Further , the X - ray imaging system may also comprise fur a function of position are calculated from the spectral image 
ther movable structures to which the X - ray source and the data . The position can refer to position in physical space , for 
X - ray detector arrangement can be mounted , for example the instance in 2D or 3D coordinates . A temporal dimension 
image may be acquired by scanning a narrow detector across 50 may be added optionally . Further , in method step 114 , 
the image field and / or the X - ray tube may be moved along non - spectral image data of the object of interest are 
an arc to obtain image data from multiple angles . acquired . From these non - spectral image data , material 

It is further noted that the present invention is not limited properties as a function of position are calculated in step 
to mammography systems . The X - ray system can be any 116 . 
type of 2D or tomosynthesis X - ray imaging system that 55 It should be noted that the spectral and / or the non - spectral 
provides spectral and non - spectral image data . image data may contain information on the phase of the 

The arrangement shown in FIG . 1 is schematic and X - rays that have passed through the object of interest instead 
exemplary . An X - ray imaging system according to the of , or in addition to , information on the absorption of the X 
invention could , for instance , also have a common housing rays . Such phase - contrast information might be acquired as 
for the X - ray detector arrangement comprising the imaging 60 the differential of the phase with respect to position in the 
unit , the calculation unit and the display unit . image . In the latter case it is referred to as differential phase 

FIG . 2 schematically shows a calculation unit C according contrast . It should be further noted that the spectral and / or 
to an exemplary embodiment of the invention . The calcu the non - spectral image data may contain information on the 
lation unit comprises a receiving unit 31 and a processing small - angle X - ray scattering properties of the object instead 
unit 33. The former receiving unit can be configured to 65 of , or in addition to , information on the absorption of the X 
receive spectral and non - spectral image data from an imag rays . Such information can be used to form dark - field 
ing unit 26. Thereby , the imaging unit 26 can be comprised images . 
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Acquisition of the spectral and non - spectral data may be According to one embodiment , the non - spectral data in 
in the reversed order or combined into a single step in which step 114 can be tomosynthesis data . In tomosynthesis , 
the non - spectral data is derived from the spectral data . In differentiation between different tissue types can be accom 
method step 118 the material properties calculated from the plished in three dimensions ( 3D ) by segmentation of the 
spectral and from the non - spectral image data are combined 5 image pixel values on a slice - by - slice basis . Pixel - by - pixel 
as a function of spatial frequency , where the spatial fre two - dimensional ( 2D ) tissue maps can be calculated by 
quency in this sense represents structure size in the image ; averaging in the depth direction . However , tomosynthesis 
it is essentially a measure of how often sinusoidal compo provides only limited 3D information because the angular 
nents of the image repeat per unit of distance . range of the acquisitions is limited and the in - plane resolu 

In optional method step 120 , a visual representation of the 10 tion is generally much better than the depth resolution . 
Further , the depth resolution is better for structures with a material properties calculated from spectral and non - spectral small in - plane extent and is worse for large structures . image data is provided . Hence , the precision of the 3D segmentation will depend on The spectral data acquired in step 110 can be acquired the in - plane ( 2D ) extension of the structure because of the with a spectral photon - counting detector . In this case , the 15 asymmetric shape of the point - spread function . The segmen spectral detector generates , for example , low - energy ( for tation will be good only for small structures , corresponding 

instance lower half of spectrum ) and high - energy ( for to high - spatial - frequencies . Large structures , corresponding 
instance upper half of spectrum ) counts , thereby generating to low - spatial - frequencies will be blurred in the depth direc 
two image data sets in each image acquisition . The full tion and the contribution from these structures will be 
spectrum total ( non - spectral ) counts are simply the sum of 20 overestimated as they will occupy a larger number of slices 
the low- and high - energy counts . The low- and high - energy than corresponding to their actual extent in the height 
data sets each have a lower number of counts per pixel and direction . The limiting case is a structure that occupies the 
therefore a higher quantum noise compared to the total full in - plane field - of - view for which there will be no height 
count data . The total - count data can then generate an image information and which is not possible to segment in any of 
with maximal signal - to - noise ratio , whereas the low- and 25 the slices . 
high - energy data each generate images with different aver The non - spectral image data acquired in step 114 can be 
age energies and a lower signal - to - noise ratio than the tomosynthesis data acquired by a partial rotation with a 
total - count image . The low- and high - energy count images C - arm CBCT ( cone beam computed tomography ) system . In 
can subsequently be combined to generate a spectral image . this case , the spectral image data acquired in step 110 can be 
The spectral images obtained by this procedure will have 30 acquired , for instance , by multiple scans with alternating 
increased noise compared to the total - count image because filters and / or kVp . 
1 ) the signal - to - noise ratio in each of the low- and high Material properties calculated from the spectral image 
energy count images is lower , and 2 ) the spectral processing data and material properties calculated from the non - spectral 
is often equivalent to taking a difference between the two image data may include normal breast tissue , such as glan 
images , which is an operation that essentially adds the noise 35 dular and adipose breast tissue , and skin . Furthermore , 
of the two images while the image signal is reduced . material properties may include a contrast agent , such as 

According to an exemplary embodiment , the spectral data iodine . In contrast - enhanced imaging the invention could , 
in method step 110 are acquired as spectral tomosynthesis for instance , improve the measurement of iodine concentra 
data . Spectral tomosynthesis data can be acquired using a tion by reducing noise . The invention could also improve 
photon - counting detector , or , for instance sandwich detec- 40 visibility of iodine in the breast , enhancing the prevalence of 
tors , kVp switching , filter switching , or multiple exposures . iodine in blood vessels and smaller structures . In addition , or 

The non - spectral data acquired in method step 114 can be instead of the aforementioned material properties , material 
data related to a non - spectral image acquired separately or properties can include breast lesions , such as cysts , tumors , 
the non - spectral image can be the total - count data acquired or micro calcifications . 
as part of the spectral image acquisition . A further exemplary embodiment of a method according 

The exemplary method according to FIG . 3 may include to the invention is shown in FIG . 4. FIG . 4 refers to the case 
as further optional method step , the sub - step 115 of using where the non - spectral image data are acquired as part of the 
additional a - prior assumptions and / or additional data input acquisition of the spectral image data in method step 111. As 
in the acquisition of the non - spectral image data . For discussed in context of the method steps shown in FIG . 3 , 
example , the non - spectral image data may or may not be 50 also in case of the exemplary embodiment shown in FIG . 4 , 
normalized using input from external sensors , for instance , the acquisition of the non - spectral data can comprise using 
an independent thickness measurement of the breast such as additional a - priori information and / or additional data input , 
the compression height associated with the position of the as indicated by method step 115. Examples are provided in 
compression paddle or the thickness and / or shape of the context of the discussion of FIG . 3. From the spectral image 
breast determined by optical or other sensors . Other external 55 data acquired in method step 111 , material properties as a 
sensors that may provide additional information to normal function of position are calculated in method step 112. As 
ize the non - spectral image data include sensors related to the the non - spectral image data are acquired together with the 
compression force , pressure sensors on the compression spectral image data in step 111 , the non - spectral data can be 
paddle or the breast support , or any non - X - ray radiation processed and material properties can be calculated from 
sensors such as ultrasound sensors , optical sensors , radio- 60 these data in method step 116. This method step , 116 , can be 
wave sensors , or radar sensors . Further , the non - spectral performed in parallel , before or after method step 112 . 
image data may or may not be subject to image processing Eventually , the material properties calculated from the spec 
operations including detection of a homogeneous area , tral image data in step 112 and calculated from the non 
breast height models , histogram analysis , segmentation or spectral image data in step 116 are combined in method step 
clustering operations , or any other operation with the pur- 65 118. As already discussed in context with FIG . 3 an optional 
pose of converting the pixel values to a physical property of method step 120 may follow to the method step 118 in FIG . 
the imaged object . 4. Optional method step 120 thereby refers to an adjustment 
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of a visual representation of the combined material proper according to embodiments of the invention as described 
ties from the spectral and the non - spectral image data . above . In particular , the non - spectral data were obtained by 
With reference to FIG . 3 and FIG . 4 , the method step 118 segmenting the tomosynthesis volume in 3D on a slice - by 

can further comprise the following sub step , respectively . slice basis in order to find the glandular structures and 
The method step 118 of combining the material properties 5 separate these from the adipose background . The segmen 
calculated from the spectral and non - spectral image data tation worked well for small structures , but was not reliable 
may comprise the sub - step w of weighting the spectral and for larger structures because of the limited depth resolution . 
the non - spectral image data depending on the spatial fre The spectral and non - spectral image data were subsequently 
quency . The weighting can be done such that the low combined by weighting with spatial frequencies in such a 
spatial - frequency parts of the spectral image data get a 10 way that the low - spatial - frequency parts of the spectral data 
stronger weight than the low - spatial - frequency parts of the and the high - spatial - frequency parts of the non - spectral 
non - spectral image data . Further , the weighting can give a image data received stronger weights according to the above 
stronger weight to the high - spatial - frequency parts of the described weighting step w . As compared to the image in 
non - spectral image data as compared to the high - spatial FIG . 5A derived from spectral image data , the image in FIG . 
frequency parts of the spectral image data . For instance , in 15 5B obtained from a combination of spectral and non - spectral 
an embodiment of the invention , weighting can be per image data shows a higher level of detail without increased 
formed with a linear weighting function , which takes into noise . The latter improved or enhanced image quality is one 
account the aforementioned stronger weighting of spectral specific objective of the present invention . It is noted , for 
image data for low spatial frequencies and non - spectral completeness , that the images in FIGS . 5A and 5B are 
image data for high spatial frequencies . 20 processed with a large pixel size ( 0.4x0.4 mm ) . 

With further reference to method step 118 in FIG . 3 and While the present invention has been illustrated and 
FIG . 4 , the combination of the material properties calculated described in detail in the drawings and foregoing descrip 
from the spectral and from the non - spectral image data as a tion , such illustration and description are to be considered 
function of spatial frequency can be carried out in the spatial illustrative or exemplary and not restrictive . The invention is 
frequency domain . In this case the following relation may be 25 not limited to the disclosed embodiments . Other variations 
used in order to obtain combined quantitative image data to the disclosed embodiments can be understood and 
from the spectral and the non - spectral image data : effected by those skilled in the art in practicing a claimed 

invention , from a study of the drawings , the disclosure and Tenhanced F -- ( Wspectral I ( Ispectra : ( x ) ) + the dependent claims . Wnon - spectral ) ( Inon - spectral ( x ) ) ) In the claims , the word " comprising ” does not exclude 
Tenhanced denotes the enhanced quantitative image data other elements or steps , and the indefinite article “ a ” or “ an ” 
obtained from combining the spectral and non - spectral does not exclude a plurality . A single processor or other unit 
image data . Further , Ispectral denotes the spectral image data may fulfill the functions of several items re - cited in the 

the non - spectral image . The functions claims . Any reference sign in the claims should not be 
non - spectral denote spatial - frequency dependent 35 construed as limiting the scope . 

weighting functions and F and F - 1 are the Fourier and The invention claimed is : 
inverse Fourier transforms , respectively . A weighting 1. An X - ray imaging system , comprising : 
according to the above equation is mathematically equiva an X - ray source configured to generate X - rays directed at 
lent to the following calculation in the spatial domain : an object of interest ; 

an X - ray detector configured to acquire spectral and 
Tenhanced = V spectra : ( X ) * I spectrat ( x ) + vnon - spectra : ( x ) * non - spectral image data of the object of interest ; Inon - spectra : ( x ) a receiving unit configured to receive the spectral and 

In the latter case , Vspectrai ( x ) = F - ' ( W spectra ( f ) ) and non - spectral image data of the object of interest ; and 
Ynon - spectra1 ( x ) = F - 1 ( w , non - spectral ( f ) ) are filter kernels and * a processor configured to : 
denotes the convolution operator . It is noted that the two 45 calculate material properties as a function of position 
aforementioned calculations are mathematically equivalent . from the spectral and non - spectral image data ; and 
Differences on the end result can be attributed to numerical combine the material properties calculated from the 
precision and quality of the software implementation , and spectral and non - spectral image data as a function of 
the choice of method might depend on practicalities such as spatial frequency by weighting the spectral and non 
speed of running the software . It should also be noted that 50 spectral image data depending on the spatial frequen 
other methods exist for processing images as a function of cies in the image so as to generate a map of the 
spatial frequency and structure size , for instance wavelet material properties of the object of interest based on 
methods and Gaussian / Laplacian pyramid methods . The the weighted combination of the calculated material 
invention is not limited to any particular method of process properties . 
ing . 2. The X - ray imaging system according to claim 1 , 

FIG . 5A and FIG . 5B illustrate advantages of the imple wherein the processor is configured to give stronger 
mentation of some of the embodiments described above . weight to the low - spatial - frequency parts of the spectral 
Both FIG . 5A and FIG . 5B show maps of volumetric breast image data as compared to the low - spatial - frequency 
density or glandularity , i.e. the fraction of glandular tissue parts of the non - spectral image data ; and 
thickness relative the total thickness on a pixel - by - pixel 60 wherein the processor is configured to give stronger 
basis . In case of FIG . 5A , the a map of glandularity is shown , weight to the high - spatial - frequency parts of the non 
which has been calculated from spectral tomosynthesis data spectral image data as compared to the high - spatial 
by decomposing the image into glandular and adipose frequency parts of the spectral image data . 
thicknesses . Even though the map shows the overall struc 3. The X - ray imaging system according to claim 1 , 
tures well , the amount of detail is limited . In case of the 65 wherein the spectral image data and / or the non - spectral 
calculations leading to the map in FIG . 5B , both spectral and image data are phase contrast image data , differential phase 
non - spectral image data have been used and combined contrast image data , or dark field image data . 

and Inon - s 
and w 

non - spectral 
W spectral 
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4. A method for quantitative image data processing in an processor to perform a method for quantitative image data 
X - ray imaging system , the method comprising : processing in an X - ray imaging system , the method com 

acquiring the spectral image data of the object of interest ; prising : 
calculating material properties as a function of position acquiring spectral image data of an object of interest ; 

from the spectral image data ; calculating material properties as a function of position 
from the spectral image data ; acquiring non - spectral image data of the object of interest ; 

calculating material properties as a function of position acquiring non - spectral image data of the object of interest ; 
from the non - spectral image data ; and calculating material properties as a function of position 

combining the material properties calculated from the from the non - spectral image data ; and 
spectral image data and the non - spectral image data as combining the material properties calculated from the 
a function of spatial frequency by weighting the spec spectral image data and the non - spectral image data as 
tral image data and the non - spectral image data depend a function of spatial frequency by weighting the spec 
ing on the spatial frequencies of the image so as to tral image data and the non - spectral image data depend 
generate a map of the material properties of the object ing on the spatial frequencies of the image data to 
of interest based on the weighted combination of the 15 create combined image data so as to generate a map of 
calculated material properties . the material properties of the object of interest based on 

5. The method according to claim 4 , wherein the spectral the weighted combination of the calculated material 
image data are spectral tomosynthesis data and / or the non properties . 
spectral image data are non - spectral tomosynthesis data . 12. The non - transitory computer readable medium 

6. The method according to claim 4 , wherein acquiring the 20 according to claim 11 , wherein the spectral image data are 
non - spectral image data comprises using additional a priori spectral tomosynthesis data , and / or the non - spectral image 
assumptions and / or additional data input . data are non - spectral tomosynthesis data . 

7. The method according to claim 4 , wherein combining 13. The non - transitory computer readable medium 
the material properties calculated from the spectral image according to claim 11 , further comprising employing addi 
data and the non - spectral image data as a function of spatial tional a priori assumptions and / or additional data input . 
frequency is at least partly carried out in the spatial - fre 14. The non - transitory computer readable medium 

according to claim 11 , further comprising combining the 
8. The method according to claim 4 , wherein combining material properties calculated from the spectral image data 

the material properties calculated from the spectral image and the non - spectral image data as a function of spatial 
data and the non - spectral image data as a function of spatial frequency at least in part in the spatial - frequency domain . 
frequency is at least partly carried out in the spatial domain 15. The non - transitory computer readable medium 
and comprises a convolution with a filter kernel and / or according to claim 11 , further comprising combining the 
low - pass , band - pass or high - pass filtering . material properties calculated from the spectral image data 

9. The method according to claim 4 , wherein weighting as and the non - spectral image data as a function of spatial 
a function of spatial frequency gives stronger weight to the 35 frequency at least in part in the spatial domain using a 
low - spatial - frequency parts of the spectral image data as convolution with a filter kernel . 
compared to the low - spatial - frequency parts of the non 16. The non - transitory computer readable medium 
spectral image data , and wherein weighting as a function of according to claim 11 , further comprising weighting as a 
spatial frequency gives stronger weight to the high - spatial function of spatial frequency to provide a stronger weight to 
frequency parts of the non - spectral image data as compared 40 the low - spatial - frequency parts of the spectral image data as 
to the high - spatial - frequency parts of the spectral image compared to the low - spatial - frequency parts of the non 
data . spectral image data , and weighting as a function of spatial 

10. The method according to claim 4 , wherein calculating frequency to provide a stronger weight to the high - spatial 
material properties as a function of position from the spec frequency parts of the non - spectral image data as compared 
tral image data and the non - spectral image data includes 45 to the high - spatial - frequency parts of the spectral image 
identifying or characterizing at least one of : data . 

properties identifying a lesion , such as a cyst or a tumor 17. The non - transitory computer readable medium 
or a microcalcification ; according to claim 11 , further comprising calculating the 

properties identifying glandular and adipose breast tissue material properties as a function of position from the spec 
or skin ; and tral image data and the non - spectral image data by identi 

concentration of a contrast agent inside the object of fying or characterizing at least one of : properties identifying 
interest . a lesion , properties identifying glandular and adipose breast 

11. A non - transitory computer readable medium encoded tissue or skin , and concentration of a contrast agent inside 
with one or more executable instructions , which , when the object of interest . 
executed by at least ones processor , cause the at least one 

quency domain . 
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